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The instability of a supercritical Taylor-Couette flow of a conducting fluid with resting outer cylinder under the influence
of a uniform axial electric current is investigated for magnetic Prandtl number Pm = 1. In the linear theory the critical
Reynolds number for axisymmetric perturbations is not influenced by the current-induced axisymmetric magnetic field but
all axisymmetric magnetic perturbations decay. The nonaxisymmetric perturbations with m = 1 are excited even without
rotation for large enough Hartmann numbers (“Tayler instability”). For slow rotation their growth rates scale with the
Alfve´n frequency of the magnetic field but for fast rotation they scale with the rotation rate of the inner cylinder. In the
nonlinear regime the ratio of the energy of the magnetic m = 1 modes and the toroidal background field is very low for
the non-rotating Tayler instability but it strongly grows if differential rotation is present. For super-Alfve´nic rotation the
energies in the m = 1 modes of flow and field do not depend on the molecular viscosity, they are almost in equipartition
and contain only 1.5 % of the centrifugal energy of the inner cylinder. The geometry of the excited magnetic field pattern
is strictly nonaxisymmetric for slow rotation but it is of the mixed-mode type for fast rotation – contrary to the situation
which has been observed at the surface of Ap stars.
c© 2014 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
1 Introduction
In recent years instabilities in rotating conducting fluids un-
der the influence of magnetic fields became of high interest.
Especially in view of astrophysical applications the consid-
eration of differential rotation is relevant. It is known for
a long time that differential rotation with negative shear
(“subrotation”) becomes unstable under the influence of an
axial field (Velikhov 1959). Both ingredients of the Mag-
netoRotational Instability (MRI) itself, i.e. the axial field
and also the not too steep differential rotation, are stable.
Nevertheless the full system proves to be unstable. One
can show for conducting fluids between rotating cylinders
that the fundamental mode of the instability is axisymmet-
ric (Gellert et al. 2012) while nonaxisymmetric modes only
exist for higher eigenvalues. The opposite is true if the axial
field is replaced by an axial electric current. The toroidal
magnetic field due to this (assumed to be homogeneous)
current is simply Bφ ∝ R (with R as the distance from the
rotation axis). Such a profile is unstable against nonaxisym-
metric modes as the necessary and sufficient criterion for
stability against nonaxisymmetric perturbations,
d
dR
(RB2φ) < 0 (1)
(Tayler 1973), is not fulfilled. The field profile caused by a
homogeneous current can thus be expected to develop non-
axisymmetric magnetic field patterns. The existence of just
⋆ Corresponding author: mgellert@aip.de
this instability has been demonstrated by a recent experi-
ment in the laboratory with liquid metal (Seilmayer et al.
2012).
The criterion of stability against axisymmetric perturba-
tions under the presence of differential rotation and for the
same toroidal field,
1
R3
d
dR
(R2Ω)2 > 0 (2)
(Michael 1954), is identical with the corresponding hydro-
dynamic formulation. Thus the question is whether the re-
lation (2) also ensures the stability not only of a hydrody-
namic axisymmetric disturbance but also the stability of an
axisymmetric magnetic disturbance. We shall find that for
the Taylor-Couette (TC) flow with resting outer cylinder the
magnetic axisymmetric mode only behaves passively un-
der the influence of the axisymmetric background field. The
axisymmetric perturbation mode, therefore, grows for su-
percritical Reynolds number only by the influence of the
neighbor modes. The kinetic axisymmetric mode, however,
behaves linearly unstable for supercritical rotation of the in-
ner cylinder.
There are many open questions about the kinetic and
magnetic energies of the nonaxisymmetric modes. The main
question is whether large shear of the fluid supports or re-
duces their energy. On the one hand it is obvious that strong
differential rotation should lead to a suppression of the mag-
netic energy as nonuniform rotation for high enough electric
conductivity always suppresses nonaxisymmetric modes.
On the other hand, weak differential rotation supports the
c© 2014 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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excitation of kink-type modes in contrast to rigid rotation.
A TC flow with resting outer cylinder may easily serve as
a model to answer such questions. The Reynolds number
of the rotation of the inner cylinder is the only remaining
free parameter. For this model the energies can be normal-
ized with the centrifugal energy R2Ω2 taken from the inner
cylinder. The same formulation can also be used for the hy-
drodynamic TC flow without magnetic field and the results
can be compared. The question is how much centrifugal en-
ergy is stored in the nonaxisymmetric flow and field modes.
And how is (for given magnetic field) the dependence of
these energies on the Reynolds number and the magnetic
Prandtl number? We shall show that for fast rotation the re-
sulting values lim qˆ for Ω →∞ in the relations
〈u2〉 = qˆkinR2inΩ2in, 〈b2〉 = µ0ρ qˆmagR2inΩ2in (3)
do not depend on the Reynolds number. Hence, the molec-
ular viscosity of the fluid does not determine the turbulent
energies. This is also true for the hydrodynamic TC flow.
With other words, the kinetic and the magnetic energies
saturate for the limit ν → 0. One might assume that for
Ω →∞ the influence of the magnetic field vanishes so that
lim qˆkin becomes equal to the value of the hydrodynamical
flow. In this case the question remains how the associated
magnetic energy behaves. It would be suggestive to assume
that lim qˆmag also vanishes for B 6= 0 and for very fast ro-
tation – but this is not the case.
2 The model
The most simple model to study the interaction of differen-
tial rotation and Tayler instability is the classical TC system.
A Reynolds number may represent the rotation of the inner
cylinder and forms the only free parameter of rotation if the
outer cylinder is at rest.
The equations to describe the problem are the MHD
equations
∂U
∂t
+ (U · ∇)U = −1
ρ
∇P + ν∆U + 1
µ0ρ
curlB×B (4)
and
∂B
∂t
= curl(U×B) + η∆B, (5)
with div U = div B = 0 for an incompressible fluid, where
U is the velocity, B the magnetic field, P the pressure, ν
the kinematic viscosity, and η the magnetic diffusivity.
The basic state in the cylindrical system (R, φ, z) is
UR = Uz = BR = Bz = 0 and
Bφ =
Bin
Rin
R, Uφ = ΩR = aR+
b
R
, (6)
where a and b are constant values defined by
a = − r
2
inΩin
1− r2in
, b =
ΩinR
2
in
1− r2in
. (7)
Here is rin = Rin/Rout, where Rin and Rout are the
radii, Ωin and Bin the angular velocity and the azimuthal
magnetic field of the inner cylinder, respectively. The ra-
dial magnetic profile is the profile of an applied homoge-
neous axial electric current (see Tayler 1957). Throughout
the whole paper, the radius ratio is always fixed to rin = 0.5.
The dimensionless physical parameters defining the
problem are the magnetic Prandtl number Pm, the Hart-
mann number Ha, and the Reynolds number Re, i.e.
Pm =
ν
η
, Ha =
BinD√
µ0ρνη
, Re =
ΩinD
2
ν
, (8)
where the gap width D = Rout −Rin is used as unit of
length. The Alfve´n frequency
ΩA =
Bin√
µ0ρD2
(9)
in relation to the angular velocity Ωin indicates whether the
system is slowly or rapidly rotating. Through the whole pa-
per the magnetic Prandtl number is fixed to unity, Pm = 1.
In this case the magnetic Mach number
Mm =
Ωin
ΩA
(10)
which indicates slow (Mm < 1) and fast (Mm > 1) rotation
simply equals Re/Ha.
To solve the equations a spectral element code has
been used which is based on the hydrodynamic code of
Fournier et al. (2005). It works with an expansion of the so-
lution in Fourier modes in the azimuthal direction. The re-
maining part is a collection of meridional problems, each of
which is solved using a Legendre spectral element method
(see, e.g., Deville et al. 2002). Between 8 and 16 Fourier
modes are used. The polynomial order is varied between 10
and 16 with two elements in radial direction. The number
of elements in axial direction corresponds to the aspect ra-
tio Γ, the height of the numerical domain in units of the
gap width, thus the spatial resolution is the same as for
the radial direction. With a semi-implicit approach consist-
ing of second-order backward differentiation and third or-
der Adams-Bashforth for the nonlinear forcing terms time
stepping is done with second-order accuracy. Periodic con-
ditions in axial direction are applied to minimize finite size
effects. With Γ = 8 all excitable modes in the analyzed pa-
rameter region fit into the system. The boundary conditions
at the cylinder walls are always assumed to be no-slipping
and the cylinders are considered as perfect conductors. All
linear solutions are optimized so that the searched for wave
number k yields the lowest Reynolds number.
Tayler (1957) found that magnetohydrodynamically all
perturbations of the axial current with an azimuthal wave
number m = 1 are unstable. One can show that the system
is degenerated under the transformation m → −m so that
all eigenvalues (for specific Ha) are simultaneously valid
for each pair m = ±1 and ±2, . . . . The critical Hart-
mann number Ha = 35.3 for the m = ±1 mode and for
rin = 0.5 does not depend on the magnetic Prandtl num-
ber (Ru¨diger & Schultz 2010). Figure 1 concerns a numer-
ical realization of the instability with Ha = 80. The plot
c© 2014 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.an-journal.org
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Fig. 1 The energy of the poloidal magnetic components
(normalized with the energy of Bin) of the modes with m =
0, 1, 2. The time is measured in diffusion times, D2/η, both
cylinders are resting. Only the mode with m = 1 is linearly
unstable. The field components possess initial amplitudes of
10−8. Ha = 80, Re = 0.
shows the exponential growth and the saturation of the en-
ergy 〈b2R + b2z〉/B2in. The azimuthal component is not in-
cluded as it exceptionally grows as a result of the satu-
ration process. One finds that indeed only the mode with
m = 1 is linearly unstable while the neighboring modes
with m = 0, 2, 3 are nonlinearly coupled to the instability.
Without rotation the instability of an axial electric current is
of the kink-type, thus the axisymmetric mode does not play
an important role (see Fig. 5, left). Note that for Re = 0 the
whole pattern does not drift in the azimuthal direction.
3 Growth rates and instability pattern
The inner cylinder may now rotate with the rotation fre-
quency Ωin while the outer cylinder rests so that the rotation
law is rather steep. For this case Fig. 2 gives the lines of
marginal excitation derived from the linearized equations.
The solid lines describe the instability curves for the modes
m = 0 and m = 1 while for comparison the dashed line
marks the curve of marginal Tayler instability for rigid con-
tainer rotation. Note that the solid line marked with m = 0
does not show any magnetic influence. Axisymmetric Tay-
lor vortices for this configuration are unstable for Re ≥ 68
with and without magnetic field. It is not yet clear, however,
whether the condition Re > 68 for supercritical excitation
of axisymmetric modes concerns the flow pattern, the field
pattern or even both.
In the instability map for the wavy mode withm = 1 the
hydrodynamical instability (without magnetic field) with
Re = 76 and the critical magnetic field for the Tayler insta-
bility without rotation with Ha = 35 are directly connected.
If only the lowest Reynolds numbers are considered then
a transition exists from axisymmetric perturbations for low
Ha to nonaxisymmetric perturbations for high Ha which is
marked by a rhombus in Fig. 2.
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Fig. 2 The instability map for a rotating container for
rigid rotation (dashed) and for resting outer cylinder (solid).
The rhombus marks the transition from the excitation of ax-
isymmetric pattern to nonaxisymmetric pattern. The critical
Hartmann number at the horizontal axis (Ha = 35.3) holds
for all Pm.
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Fig. 3 Growth rates of the flow normalized with the diffu-
sion frequency for the modes m = 0 and m = 1. The solid
curves for the m = 1 mode are also valid for the magnetic
field disturbances. The axisymmetric kinetic mode (dashed
line, for all Ha) is unstable in contrast to the axisymmetric
magnetic mode.
Figure 3 gives the growth rates ωgr for the exponen-
tial growth of unstable disturbances of the kinetic modes.
They are normalized with the viscosity frequency. The
dashed lines denote the axisymmetric flow mode for vari-
ous Hartmann numbers. They are identical for all applied
field strengths so that the magnetic influence vanishes. This
pure hydrodynamical axisymmetric mode leads to Re = 68,
and is not suppressed by the toroidal magnetic field.
The growth rates of the nonaxisymmetric modes with
m = 1 in Fig. 3 (solid lines) behave completely different.
For sufficiently strong magnetic fields they become unstable
even without global rotation. Without rotation the growth
rate runs with the Alfve´n velocity ΩA. For slow rotation the
growth rates depend on both the Hartmann number and the
Reynolds number while for fast rotation the Hartmann num-
ber dependence disappears. In the latter case it is ωgr ∝ Ωin
which for fast rotation exceeds ΩA. One finds that the dif-
www.an-journal.org c© 2014 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Fig. 4 Left panel: The induced axisymmetric magnetic
mode (dashed) reduces the azimuthal magnetic background
field (dot-dashed) producing the almost uniform azimuthal
field (solid). Right panel: the same for the corresponding
electric currents. The quantities are averaged over φ and z.
Ha = 80, Re = 150.
ferential rotation leads to a rotational amplification of the
instability rather than a rotational suppression as it happens
for rigid rotation. For Mm≫ 1 the current-driven nonax-
isymmetric modes under the presence of differential rota-
tion result as rotationally supported.
The growth rates of the nonaxisymmetric modes in
Fig. 3 are identical for kinetic and magnetic modes. One
finds, however, that the growth rate for the axisymmetric
magnetic mode vanishes for all Re and Ha. The axisym-
metric magnetic mode remains uninfluenced and does not
become unstable. This is not unexpected as in the linear the-
ory its equation decouples from the entire system of equa-
tions (Ru¨diger et al. 2011).
In the nonlinear simulations the toroidal magnetic m =
0 mode behaves different. The stronger the toroidal back-
ground field the more energy is stored in the m = 0 mode
of the toroidal instability pattern. For the particular exam-
ple with Ha = 80 and Re = 150, Fig. 4 demonstrates that
the sign of the axial electric current which is formed by
the axisymmetric magnetic instability mode is opposite to
the sign of the background current. The dot-dashed lines in
Fig. 4 symbolizes the toroidal background field (left panel)
and the uniform axial background current (right panel). This
current is reduced by the negative axial current induced by
the instability (dashed line). In the average the resulting to-
tal electric current (solid line) is about 50% of the undis-
turbed background current. The eddy magnetic-diffusivity
in the saturated state is thus just of the order of the molec-
ular magnetic-diffusivity (Gellert & Ru¨diger 2009). Obvi-
ously, the system saturates by the effective reduction of the
applied electric current, or, what is the same, by the increase
of the effective magnetic diffusivity.
In Fig. 5 the patterns of the radial flow induced by the
instability are compared for the cases of resting inner cylin-
der (left) and rotating inner cylinder (right, Re = 350). For
Fig. 5 The radial flow uR measured in units of the dif-
fusion velocity for resting container (left panel) and for
Re = 350 (right panel). Only the instability pattern of ro-
tating fluids is drifting in the positive azimuthal direction.
Ha = 80.
the resting container also the pattern is resting while it drifts
in the positive azimuthal direction in the rotating case. The
flow velocities are given in units of the viscosity velocity
η/D which must be divided by Re to get the stream flow
in units of the linear velocity of the rotating cylinder. Note
that the m = 1 mode less dominates the patterns if the inner
cylinder rotates. The rotation favours the development of
instability patterns which are of the mixed-mode type. The
axisymmetric mode, however, never dominates the nonax-
isymmetric modes.
The vertical wave number differs only slightly for the
two examples.
4 The energies
Following the linear results, the instability pattern should
be axisymmetric in the flow system but nonaxisymmetric
in the field system. If this would be the final truth then a
magnetic configuration with mainly axisymmetric geome-
try hardly results under the presence of differential rotation.
However, the simulations demonstrate also the nonlinear in-
teraction of the modes. After reaching a saturated state the
energies in the axisymmetric and nonaxisymmetric modes
are almost equal.
The Figs. 1 and 6 present the modal structure of the
saturated instability pattern in detail for the energy of the
poloidal magnetic components. As shown in Fig. 6 the en-
ergy of the mode m = 1 hardly dominates the energy of
the mode m = 0. The modes which are stable in the lin-
ear theory decay at the beginning of the simulation but later
they receive energy from the unstable m = 1 mode. The
growth time for the magnetic m = 1 mode taken from the
Fig. 3 is only 0.4 rotation times in correspondence to the
temporal behavior in Fig. 6. The plots also suggest that with
(differential) rotation the excitation of the unstable and sta-
ble modes is much faster than without (differential) rotation
c© 2014 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.an-journal.org
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Fig. 6 The same as in Fig. 1 but for Re = 350.
and the saturation levels are higher. The dashed line in Fig.
2 demonstrates that the situation for rigid rotation is rather
different.
The enslaved neighboring modes m = 0 and m = 2
possess nearly the same energy. It is demonstrated that the
difference to the m = 1 mode is reduced by faster rotation.
It is thus the rotation which transfers energy into the stable
modes. The relative energy of the axisymmetric mode for
Mm = 0 is much smaller (see Fig. 1). This is insofar unex-
pected as differential rotation usually leads to a smoothing
of nonaxisymmetric (poloidal) magnetic fields. Note that
the axis of the magnetic field pattern of Ap stars is not or-
thogonal to the axis of rotation (Oetken 1977). The ratio
of nonaxisymmetric to axisymmetric field parts is larger for
fast rotation (Landstreet & Mathys 2000). Our results do not
comply with these observations of magnetic stars. One must
be careful, however, as the Reynolds numbers in the present
paper do only concern to the inner rotation rate rather than
to the observed rotation of the stellar surface.
In the following the kinetic and magnetic energies which
are stored in the nonaxisymmetric modes of the instability
are presented. Because of its dominance it is allowed to con-
centrate to the modes with m = 1. We denote the nonax-
isymmetric flow perturbations with u and the field pertur-
bations with b. One finds that the ratio
ǫ =
〈b2〉
µ0ρ〈u2〉 (11)
of the magnetic and the kinetic energy for fast rotation with
Mm > 1 is of order unity. For fast rotation the instability
is thus not dominated by the magnetic fields. The simula-
tions show that for the nonaxisymmetric modes the mag-
netic energy only dominates the kinetic energy for slow ro-
tation and/or strong fields (Fig. 6).
We find, on the other hand, that for slow rotation
(Mm < 1) the magnetic energy of the instability perturba-
tions always exceeds their kinetic energy. In Fig. 8 the di-
mensionless magnetic energy ratio
q =
〈b2〉
B2in
(12)
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Fig. 7 The ratio ǫ of the energy of the nonaxisymmetric
magnetic modes to the energy of the kinetic modes for m =
1.
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Fig. 8 The quantity q for the magnetic modes with m =
1.
between the energy of the fluctuations of the magnetic mode
with the azimuthal numberm = 1 and the toroidal magnetic
background field is plotted. The square-root of q yields the
ratio of the rms value of the magnetic fluctuation to the mag-
netic background field.
Without rotation the instability provides a small basal
value q of about 0.05. Increasing rotation lets the q grow
which, however, sinks for growing Ha. For fast rotation the
profiles in Fig. 8 suggest the approximative behavior of the
quantity qˆ = Ha2q/Re2 or what for Pm = 1 is the same,
qˆ =
Ω
2
A
Ω2in
q. (13)
From test calculations we know that the latter formulation
also holds for Pm 6= 1. The final expression is thus
〈b2〉
µ0ρ
= qˆmag Ω
2
inD
2 (14)
with the numerical value qˆmag ≃ 0.012 for very fast rota-
tion (Fig. 9, top). Figure 9 (bottom) shows that a similar
expression, i.e.
〈u2〉 = qˆkin Ω2inD2, (15)
also holds for the kinetic energy. For Mm > 1 the coeffi-
cients qˆkin and qˆmag do not depend on the Reynolds num-
ber. Both energies can thus be expressed by the global quan-
tities Rin and Ωin and they are almost in equipartition. The
www.an-journal.org c© 2014 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Fig. 9 The same as in Fig. 8 but for the quantity qˆ of the
magnetic (top) and the kinetic (bottom) energy. Note that
for fast rotation the influence of the Reynolds number dis-
appears so that the molecular diffusivities do not influence
the numerical values of both the energies. This is also true
for the kinetic energy of the m = 1 mode of the hydrody-
namic TC flow (bottom plot, Ha = 0).
faster the linear rotation of the inner cylinder the more en-
ergy is stored in the nonaxisymmetric mode of the instabil-
ity. The background field obviously only acts as a catalyst
which does not influence the numerical value of the result-
ing magnetic energy of the instability.
Figure 9 (lower panel) also shows the kinetic energy of
the m = 1 mode for hydrodynamic TC flow. For slow ro-
tation this energy is very small. For more rapid rotation it
linearly grows with the Reynolds number. Also for nonmag-
netic fluids the value of qˆkin for very fast rotation does not
depend on the Reynolds numbers. Moreover, the hydrody-
namic model reaches the same value of qˆ as the magneto-
hydrodynamic model for fast rotation. The basic difference
to the magnetohydrodynamic models is that for them the ki-
netic energy for slow and medium rotation becomes smaller
for growing Reynolds number contrary to the hydrodynamic
case. For very large Reynolds number, the kinetic energy in
the m = 1 mode is the same for hydrodynamic and magne-
tohydrodynamic flows.
The results for super-Alfve´n rotation (Mm > 1) are cor-
rect for the energy inm = 0 andm = 1 of the poloidal mag-
netic field and for the m = 1 mode of the toroidal field. In
all these cases the energy contained in the modes – after
saturation – does not exceed about 1.5 % of the centrifugal
energy of the inner cylinder. One also recognizes that the
energy of the toroidal m = 1 mode exceeds the energy of
both modes (m = 0 andm = 1) of the poloidal components
maximally by a factor of two.
5 Summary
The stability of the simplest hydromagnetic Taylor-Couette
flow system with a resting outer cylinder has been consid-
ered as the basic model of the interaction of differential
rotation and stellar toroidal background fields. The back-
ground field is thought to be due to a uniform axial elec-
tric current, which by itself becomes unstable if its Hart-
mann number exceeds the value Ha = 35 (for a TC con-
tainer with Rout = 2Rin). In the hydrodynamic regime this
rotation law becomes unstable for a Reynolds number of
the inner cylinder exceeding Re = 68. While at this thresh-
old value an axisymmetric instability pattern is excited, the
current-driven instability without rotation excites a strictly
nonaxisymmetric pattern. The relation between axisymmet-
ric and nonaxisymmetric instability modes and their kinetic
and magnetic energy is the main focus of the present paper.
The growth rates of the linear theory show basic dif-
ferences for the modes. One finds the growth rates of the
kinetic modes increasing with increasing rotation frequency
of the inner cylinder. The nonuniform rotation in the con-
tainer does not suppress the instability – as rigid rotation
does – but it strongly destabilizes the system. This is also
true for the nonaxisymmetric magnetic modes with m = 1,
but the axisymmetric magnetic mode remains stable.
That the axisymmetric magnetic mode proves to be lin-
early stable does not mean, however, that the resulting pat-
tern in the nonlinear regime is fully nonaxisymmetric. We
have shown with nonlinear numerical simulations that en-
ergy of the unstable m = 1 mode is distributed into the
neighboring modes m = 0 and m = 2, 3, . . . . In all cases,
however, the azimuthal magnetic spectrum peaks at m = 1.
For fast rotation this peak energy is exclusively determined
by the rotation speed of the inner cylinder rather than its
Reynolds number. Hence, the amplitude of the magnetic
background field, the microscopic viscosity and the electric
conductivity do not influence the peak energies. The same
is true for the kinetic energy of the nonaxisymmetric modes
(see Fig. 9, lower panel).
The ratio ǫ of the magnetic and the kinetic energy deter-
mines the hydromagnetic character of the instability. Fig-
ure 7 demonstrates that ǫ > 1 for supercritical fields with
Ha > Hacrit only appears for small Reynolds number. For
fast rotation the instability is not magnetic-dominated, the
kinetic energy in the MHD turbulence cannot be consid-
ered as small compared to the magnetic energy. This re-
sult should have severe astrophysical consequences. For fast
rotation or weak field the magnetic-induced angular mo-
mentum transport does not exist without a turbulent mix-
c© 2014 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.an-journal.org
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ing of chemicals with the similar intensity, which should
strongly affect the stellar structure and evolution. On the
other hand, for slow rotation the magnetic-induced eddy vis-
cosity strongly exceeds the mixing coefficient (which is not
influenced by the magnetic fluctuations) so that indeed in
this case the angular momentum can migrate outwards with-
out any direct influence on the stellar evolution.
Also, in the limit of fast rotation the kinetic energy of
the magnetically supercritical system and the kinetic energy
of the purely hydrodynamical TC flow are almost equal and
do not depend on the microscopic viscosity.
The simulations also reveal details about the saturation
process of the instability. The system generates an axisym-
metric part of the toroidal magnetic field which is equiva-
lent to an electric current in opposite direction of the ap-
plied current. The amplitude of this counter-current corre-
sponds to an increase of the effective magnetic diffusivity
with ηT ≃ η, a rather small value which is also known from
experiments (Noskov et al. 2012).
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